A gram-positive, nonsporulating, microaerophilic rod that had two colonial variants was obtained during a study in which anaerobic bacteria were isolated from murine gastrointestinal tracts and screened for cryptic plasmids. The rod (both colonial variants) was identified as a Lactobacillus sp. (strain 100-37) by selective media, gas chromatography, and biochemical tests. In monoassociated, ex-germfree mice, the bacterium colonized the gastrointestinal tract and formed a thick, continuous layer on the keratinized squamous epithelium of the nonsecreting portion of the stomach. When lysate preparations of both colonial variants were electrophoresed in agarose gels, two bands which stained with ethidium bromide were detected with each lysate. When the DNA preparations were exposed to UV light, the lower ethidium bromide band gradually disappeared while the top band became either broader or more intense. The approximate size of the lower band was 2.2 megadaltons, as determined by comparison with plasmid molecular weight standards. In a search for phenotypes which could be encoded by the cryptic 2.2-megadalton plasmid, we detected an antagonistic activity toward an obligate anaerobe isolated from mouse feces, Clostridium ramosum Hi. The antagonistic factor was precipitated with (NH4)2SO4 (70% saturation) from supernatant solutions of broth cultures of strain 100-37. The factor was not inducible with mitomycin C or UV light, but was stable in flowing steam for up to 50 min, and in buffers of pHs over a range of 1.6 to 6.8. It was nondialyzable and inactivated by trypsin and papain. In an effort to demonstrate that this antagonistic property was encoded by the 2.2-megadalton plasmid, we attempted to cure the plasmid with a variety of methods. No cured variant was obtained. The characteristics of the antagonistic property are similar to those of previously described bacteriocins of lactobacilli; thus, the property may be a true bacteriocin. Lactobacillus sp. strain 100-37 and C. ramosum Hi may be useful for the study of bacteriocin involvement in the ecology of the murine gastrointestinal tract.
strated that an E. coli strain which produced colicin V (ColV+) had an ecological advantage over a ColV-E. coli strain in surviving in the alimentary tracts of humans and animals. In addition, Ducluzeau et al. (11) reported a Bacillus licheniformis strain which produced an antibiotic and inhibited the establishment of Clostridium perfringens in the digestive tracts of gnotobiotic mice. Other reports have also suggested an ecological advantage for bacteria which produce substances inhibitory to other bacterial strains (15, 22, 41) .
Antagonism between lactobacilli and other bacterial genera (14, 32, 42, 46, 49) as well as among Lactobacillus strains (8, 9, 43, 44) has been reported. Substances such as lactic acid (42) and H202 (50) have been implicated as the antagonistic factor in a few of these studies. In two reports, proteinaceous substances were described and called bacteriocins (9, 43) . During a study to screen anaerobic bacteria for cryptic plasmids (P. N. Rys, M.S. thesis, University of Illinois, Urbana, 1982), a bacterial strain (strain 100-37) was isolated which contained a small cryptic plasmid. In this manuscript, we report that the isolate is a strain of a Lactobacillus sp., and that it produces a bacteriocin-like substance able to inhibit the growth of a strain of a Clostridium sp. Both strains are known to colonize the same ecological system, the murine gastrointestinal tract.
MATERIALS AND METHODS
Bacterial strains and media. Table 1 contains a list of strains used in this study. All strains were stored at -70°C and thawed for daily use. Clostridium ramosum Hi was also stored in chopped meat medium (1) at 4°C. The growth medium used throughout was Wensinck and Ruseler-van Embden (WR) medium (48) plus 0.5% beef extract (Difco Laboratories) and 0.001% resazurin. Strains were grown at 37°C in a Coy anaerobic chamber (Coy Laboratory Products, Ann Arbor, Mich.) with an atmosphere of 92% N2, 5% C02, and 3% H2, except as later specified. Media were prereduced (17) before use. Growth characteristics. Lactobacilli MRS broth (Difco) plus 2% agar and LBS Agar (Difco) were used to determine the ability of strain 100-37 to grow on Lactobacillus selective medium. Control organisms were C. perfringens (negative) and Lactobacillus sp. strain 100-16S (positive). Strain 100-37 was stabbed into motility agar with an inoculating needle, and the growth was examined for evidence of motility. Control organisms inoculated simultaneously in separate tubes included Salmonella sp. (motile) and Lactobacillus sp. strain 100-16S (nonmotile). Sheep blood agar (5% sheep blood, Difco prepared) was streaked with strain 100-37 to detect hemolysins. Several sporulation media were used to demonstrate spore production (12, 17, 23 ; P. N. Rys, M.S. thesis). C. perfringens was used as the positive control for sporulation tests. Brain heart infusion (Difco) and thioglycolate (Difco) media were inoculated to determine the ability of strain 100-37 to grow on commercially prepared, enriched media. All media were incubated for 24 h at 37°C anaerobically.
The capacity of the organism to grow anaerobically or in the presence of 02 was determined by using the Coy anaerobic chamber, candle jars (5 to 10% C02), and routine benchtop incubators.
The optimum temperature and temperature range for growth of strain 100-37 were determined with media inoculated, placed in candle jars, and incubated at temperatures varying from 25 to 45°C. Plates were incubated for at least 48 h before final results were recorded.
Biochemical tests. API 20A (Analytab Products, Plainview, N.Y.) strips were inoculated as advised by the manufacturer with a 24-h culture of the organism to be tested. The bacterial growth on a WR plate was lightly removed with a swab; the cells were then suspended in the broth provided. Growth and purity of the inoculum were checked by streaking the inoculation broth onto a separate WR plate after all API cupules were filled. Strips were incubated anaerobically for 48 h. Results were read as per instructions supplied by the manufacturer. A bacterial strain of known genus and species (C. perfringens CP600) was also inoculated into an API 20A strip as a control. The control biochemical pattern was confirmed as that characteristic of C. perfringens by the Analytical Profile Index provided by the manufacturer.
Egg yolk agar (1) was used for testing for evidence of lecithinase and lipase production by strain 100-37. Control organisms were Lactobacillus sp. strain 100-16S (lecithinase and lipase negative) (31) and C. perfringens CP600 (lecithinase positive, lipase negative) (1, 21) .
Catalase production was tested with 3% H202 as described by Koneman et A lysate preparation of E. coli JK333 containing eight plasmid bands of known molecular weight (25) was run in the same gel with that of Lactobacillus sp. strain 100-37 (data not shown). The logs of the relative mobilities of the strain JK333 plasmids were plotted against the logs of their molecular weights. From this standard curve, we estimated the molecular weight of the band that we propose is the covalently closed circular DNA form of the plasmid of Lactobacillus sp. strain 100-37. Attempts were made to cure the plasmid(s) of Lactobacillus 100-37 with a variety of chemical and physical treatments (6, 7, 30, 45) . Overnight (stationary phase) or 4-h (early log phase) cultures of strain 100-37 were inoculated into fresh WR broth containing mitomycin C (0.7 ,ug/ml; Calbiochem, San Diego, Calif.), ethidium bromide (25 ,ug/ml; Sigma), acridine orange (5 ,ug/ml; Matheson, Coleman and Bell, Norwood, Ohio), coumermycin (15 ,ug/ml; Godfrey Science and Design, Inc., White Plains, N.Y.), rifampin (300 ng/ml; Sigma), or novobiocin (20 F±g/ml; Sigma). Light-sensitive compounds were protected from light with aluminum foil, and the cultures were incubated anaerobically for 24 
A precipitate obtained by treating with (NH4)2SO4 to 70o saturation the supematant solution from a 22-h, 160-ml culture of Lactobacillus sp. strain 100-37 was dissolved in 1 ml of fresh WR broth, adjusted to pH 3 with 1 N HCI, and placed in a flowing steam cabinet. Every 10 min, a sample (50 ,ul) was removed and pipetted into a WR agar plate as described above. Plates were sterilized, overlaid, and incubated as in the pH stability experiment.
In the experiments on pH and temperature stability, the negative control was sterile WR broth which had been treated exactly as the supernatant solution from the Lactobacillus culture. Also in both experiments, zones of inhibition around the agar wells were measured after growth of strain Hi was visible.
RESULTS
Morphology, growth characteristics, identification, and ecology of strain 100-37. Strain 100-37 was isolated from the cecum of a mouse as a gram-positive, nonsporulating rod measuring approximately 2 by 6.5 ,um (P. N. Rys, M.S. thesis) and producing rough, feather-edged colonies on WR medium. To maintain the strain for prolonged periods of time in a state as near as possible to that found in nature, we introduced it into 10 germfree mice by gavage. Nine weeks later, bacteria were isolated on WR medium from the ceca of six of the animals. Colonies of two morphologies were observed on the medium: one, the original rough, feather-edged colony, and the other, a smooth, entire-edged colony. Upon repeated subculturing in WR broth, the two colony types became similar in morphology. Growing the organisms at high temperature (42°C) or in WR containing ethidium bromide (25 ,ug/ml, Sigma) caused the variants to interconvert in colonial form. Growth of both variants required 5 to 10% CO2, complex media (WR, BHI, MRS, etc.), and an environment in which the temperature was between 30 and 42°C. The organisms were nonhemolytic on sheep blood agar (5%) and nonmotile. Both utilized glucose, sucrose, lactose, maltose, mannose, and trehalose (API 20A) as carbon sources. Melezitose use was variable. They did not produce lecithinase, lipase, or catalase. Lactic acid was the major fermentation product (90.8% of total detected metabolic end products) (P. N. Rys, M.S. thesis). We concluded, therefore, that both colonial forms were produced by strain 100-37 and that the bacterium is a homofermentative member of the genus Lactobacillus (31) .
Extrachromosomal elements in Lactobacillus sp. strain 100-37. Two bands made visible with ethidium bromide were consistently observed in agarose gels in which had been electrophoresed lysate preparations of both colonial variants of Lactobacillus sp. strain 100-37 (Fig. 1 ). When such a preparation of the smooth colonial variant was placed in a sealed quartz cuvette (treated with 95% ethanol to destroy nucleases) and exposed to UV light (the cuvette was positioned between two UV lamps, wavelength 254 nm) for 0 to 120 min, the lower band gradually disappeared (Fig. 1) . The top band increased in intensity or, in some preparations, became broader after the UV treatment. The top band may represent, therefore, the open-circle form of the lower, closed-circle band. Thus, the bottom band probably represents a plasmid of 2.2 megadaltons as estimated from its relative mobility in 0.7% agarose by comparison with E. coli JK333 plasmids of known molecular weight run on the same agarose gel.
Colonization of the murine stomach by Lactoba- (34) (35) (36) (37) . Although strain 100-37 was isolated from the cecum, it could possibly colonize the stomach. Therefore, we examined sections of the stomach of a mouse monoassociated with strain 100-37 for evidence of a layer of gram-positive bacteria on the keratinized squamous epithelium of the nonsecreting portion. Such a layer was observed (Fig. 2) .
Antagonism toward C. ramosum Hi of Lactobacillus sp. strain 100-37. In an attempt to find phenotypes which could be encoded by the cryptic 2.2-megadalton plasmid, we tested for a number of phenotypes commonly associated with plasmids. No antibiotic resistance (erythromycin, chloramphenicol, and kanamycin), hemolysins, or heavy metal tolerance (Hg and Zn) was detected. However, a bacteriocin-like activity toward C. ramosum Hi, isolated from the feces of a conventional mouse by Hazenburg et al. (16) , was observed. In all, 29 bacterial strains were tested for sensitivity to growth inhibition by Lactobacillus sp. strain 100-37 (Table 2 ). Of the strains tested, only the growth of C. ramosum Hi was inhibited by Lactobacillus sp. strain 100-37 (Fig. 3) .
The sensitivity of C. ramosum Hi to antagonism by Lactobacillus sp. strain 100-37 led us to determine whether its growth was inhibited by extracellular substances produced by Lactobacillus sp. strains other than strain 100-37. Therefore, strain Hi was tested for sensitivity to extracellular products of five Lactobacillus sp. strains other than strain 100-37 (D287, 313, 100-33, 100-16S, and S5). Of the strains tested, only strain 100-37 inhibited the growth of C. ramosum Hi.
Elimination of H202, bacteriophage, and lactic acid as the agents mediating C. ramosum Hl growth inhibition. Zones of inhibited growth of C. ramosum Hi around colonies of Lactobacillus 100-37 could have been induced by H202, bacteriophage, hydrogen ion, lactic acid, or a bacteriocin (3, 15, 22, 41, 43, 46 ) (or other antibiotic-like compound). To eliminate bacteriophage as the cause, we employed two different methods, a phage adsorption assay as described by Miller (28) , and the method of Young et al. (51) , in which a lawn of the sensitive strain (H1) was streaked with an inoculating needle which had been stabbed into the zone of inhibition above strain 100-37 colonies. Plaques were not observed in either method. H202 was eliminated as the inhibitory factor because the bacteriocinlike effect of strain 100-37 against C. ramosum Hi was not destroyed by catalase. Lactic acid as the interfering factor was eliminated by the results of three separate approaches. First, C. ramosum Hi was not sensitive to the extracellular products of the five other Lactobacillus sp. strains mentioned above. Also, the inhibition factor was nondialyzable and sensitive to proteolytic enzymes (see below).
Properties of the bacteriocin-like factor produced by Lactobacillus sp. strain 100-37. Neither mitomycin C nor UV light treatment of the bacterial cells increased the size of the zones of inhibition of growth in C. ramosum Hi overlays surrounding colonies of Lactobacillus sp. strain 100-37. Both agents were used as described up to the amount which was inhibitory to the growth of strain 100-37. The bacteriocin-like (Fig. 3) . factor was nondialyzable in membrane tubing with a molectilar weight cutoff of 12,000 to 14,000. It was stable for up to 50 min in a flowing steam cabinet (Table 3 ) and in solutions with a pH of 1.6 to 6.8 (Table 4) . Solutions containing the factor were adjusted to pH 3 with 1 N HCI before the temperature stability test was performed, because the largest zones of inhibition around the wells cut in WR agar had been observed at that pH. Activity against C. ramosum Hi was lost when solutions containing the bacteriocin-like property were incubated with 1 mg of trypsin or papain per ml. Except for the induction experiments, all experiments were performed on dilutions in WR broth of precipitates obtained with (NH4)2SO4 from supernatant solutions of broth cultures of strain 100-37.
Tests for relationship of the bacteriocin-like property to the plasmid. Lactobacillus sp. strain 100-37 was treated with the variety of chemical and physical agents described above in attempts to free the strain of its plasmid. Of 716 treated colonies screened for the bacteriocin-like pheno- (31) . Nevertheless, the biochemical pattern elucidated by the API 20A system is not consistent with any Lactobacillus species described in the identification key provided by the manufacturer. Moreover, although the characteristics of strain 100-37 are consistent with those of the genus Lactobacillus as described in Bergey's manual (31), the phenotypes described in this report do not match exactly those of any of the species of Lactobacillus listed in the manual. It is possible, therefore, that strain 100-37 is a homofermentative Lactobacillus sp. which has not been previously described.
Lactobacillus sp. strain 100-37 colonized the keratinized epithelium of the gnotobiotic murine stomach (Fig. 2) in a manner consistent with certain other strains of Lactobacillus sp. as reported previously (35, 37) . Many of the bacterial cells associated with the epithelium attach by one end (36) .
In addition to identifying strain 100-37 as a Lactobacillus sp. strain, we are reporting the antagonistic effect of the organism against C. ramosum Hi. We refer to the antagonistic factor as a bacteriocin-like substance rather than as a bacteriocin because Tagg et al. (41) (43, 44) and deKlerk et al. (8, 9) . All three antagonistic properties were heat stable, inactivated by proteolytic enzymes, diffusible in agar, nondialyzable, and active against a narrow range of bacterial genera ( Table 5 ). The antagonistic property of Lactobacillus sp. strain 100-37 differs from the previously reported bacteriocinogenic properties of lactobacilli, however, because we have not yet identified a Lactobacillus sp. against which the property is active ( Table  2) .
The stability at low pHs of the antagonistic property of strain 100-37 is particularly interesting in reference to the ecology of the bacterium. The organism is able to colonize the nonsecreting epithelium of the mouse stomach and may be indigenous to that habitat (34, 35) . This bacteriocin-like substance may be active in the stomach, where pH values, in the lumen at least, can be low. C. ramosum Hi and Lactobacillus sp. strain 100-37 are native to the same ecological system. Thus, they may provide us with a system for studying how a bacteriocin may be involved in the ecology of the gastrointestinal tract.
